Abstract. In this paper, a new design algorithm is presented for paraunitary filter banks with extended filter length. Equal-length filter banks are designed where the filter length is not restricted to integral multiples of the number of channels. Filter banks with unequal length are also studied. In the new algorithm, the filter lengths are iteratively reduced through a cascade of lattice structures and delay chains. Design examples of 5 channels with different filter lengths and stop band attenuations are presented.
Introduction
In recent years, there have been increasing interests in the design of multirate subband filter banks [1] - [14] . In [2] , biorthogonal filter banks were designed for image compressing by using genetic algorithm. A computationally efficient digital FIR filter bank with adjustable subband distribution is proposed in [3] [4] [5] . In [6] , an eigenfilter-based method was proposed for the design of 4-band perfect reconstruction (PR) filter banks with linear phase and orthogonality. In [7] , a class of 2-channel quadrature mirror filters were optimized. Paraunitary filter banks have been designed in the past and the filters are mainly of equal lengths and the filter lengths are restricted to integral multiples of the number of channels [8] . Design of filter banks with sharp transition band have been reported in [9] [10] . Lattice structures of biorthogonal wavelet basis were optimized in image compression using the SPIHT algorithm in [11] . In [12] , a low delay oversampled critical-band division filter bank was designed and applied to a two-state modeling speech enhancement system. The multi-channel filter banks are to be applied to wireless sensor networks for data acquisition [14] . In this paper, a new design algorithm is presented for paraunitary filter banks with generalized filter length. The algorithm for linear-phase filter banks is extended to general paraunitary filter banks. Equal-length filter banks are designed where the filter length is not restricted to integral multiples of the number ( M ) of channels. Filter banks with unequal length are also designed. Ez of an FIR subband filter bank can be expressed as 
Filters with Equal Length
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Filters with Unequal Lengths
The polyphase matrix ( 
where the subscripts l and s specify the polyphase components of the K  filters with the longest length KM and the remaining
short filters, respectively. The sub-matrix on the lower part of ( 1) eK is set to 0 , as the filters have length shorter than the longest length KM .The paraunitary property ( ) ( ) 
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where the left hand part consists of  columns; and the right hand part consists of the remaining M   columns. The right subscripts l and r represent the left and right hand part, respectively. The two sub-matrices at the bottom of () eK are set to 0 , as the corresponding filters are shorter than KM   . Since the maximum length of filters is KM   , the two sub-matrices on the right hand side of () eK are set to zero matrices.
The paraunitary property ( ) ( ) , the polyphase matrix needs to be rearranged through row-wise permutations). A design example of 5 -channel filter bank is shown in Fig. 2 .
Conclusion
In this paper, an algorithm has been presented for designing a class of paraunitary filter banks with extended filter lengths. New properties in this class of filter banks were studied and the lattice factorizations were achieved through a succession of "length reduction" operations. The lattice structures and design examples were presented. ( 18 , 18 , 18 , 18 , 18 ) 
